Urban sediment generated by stormwater management techniques are highly contaminated with various trace elements. The characterization of trace element speciation and mobility are critical information to improve environmental risk assessment. This study investigates the spatial and temporal variability of major and trace element release from a sedimentary layer in Django Reinhart stormwater infiltration basin (Chassieu, eastern suburbs of Lyon, France). Sampling was conducted for 3 zones and two dates. Chemical characterization was performed (X-Ray diffraction, ICP-AES). The samples were submitted to Acid Neutralization Capacity & Base Neutralization Capacity ANC-BNC tests, according to European standard 14429 (AFNOR, 2015) . Solid matrices were mixed with acid or basic solutions and physicochemical parameters and major and trace element release (i.e. Al, Ca, Fe, P, S, Si, Cu, Zn and total carbon) were followed as a function of pH. The results show that the urban sediment has no significant spatial and temporal variability with regards to element release. This observation is all the more surprising that the samples were collected in three contrasting zones regarding stormwater supply and hydric conditions. Element release follows the same trends as a function of pH with a bell-shaped solubilization curve exhibiting the highest solubility at extreme pH values. However, the samples showed slight differences concerning the release of major elements. Such differences are related to slight differences in total mineral contents (organic matter, carbonates…) and chemical composition of the sediments. The results show that despite the varying environmental conditions, the sediment chemical properties can be considered as very stable and uniform over space, dependent mainly on the local geochemical context and watershed characteristics. This study highlights 
Introduction
Settlement and infiltration basins were developed to deal with the crucial issue of stormwater management. These devices are used to recharge groundwater and reduce direct discharges in wastewater sewage systems. Infiltration basins concentrate rainwater collected over watersheds of several hectares in small areas [1] . This concentration of fluxes explains why suspended solids carried by stormwater accumulate at the soil surface and form a sedimentary layer with high trace metal and organic compound contents [2] [3] . There are many studies on the composition and characterization of sedimentary layers accumulated in stormwater infiltration basins. These studies constitute a database on sediments contamination that points at the high contents of trace element (e.g. up to 2400 ppm of zinc, 500 ppm of lead, 300 ppm of chromium and copper) [2] [4]- [10] .
To assess the risk of contamination of the subsoil and groundwater, the mobility of elements trapped in these sediments must be investigated [11] [12] .
Within the framework of the French observatory for urban hydrology-SOERE URBIS [10] , different studies were dedicated to the geochemical characterization of stormwater sediments and their pollutant-carrier solid phases. A large panel of analytical techniques was employed to characterize the sediments geochemical characteristics at both bulk and micro scales using XRD and SEM analysis [7] [8] [13] . These analyses gave information on the main pollutants-bearing solid phases (mineral and organic) and showed that the main mineral phases are related to the local geochemical context of the basin and should remain constant over time. Few SEM observations of anthropogenic and non-crystallized particles underline the presence of slag mineral particles composed of various alloys made of cupro aluminium with Fe, Ni, Mn, Fe-Cr-Ni stainless steels or organic residues spread from tire abrasion, brake pads or road asphalt grains containing traces of Zn or Cu [13] . However, these measures and observations have often been conducted on samples taken at a single time and a single location in the infiltration system.
The solubility of trace metals depends on the mineral and organic phases they are bound to. Sequential extractions carried out on these different urban sediments [14] [15] showed that Cu was both under reducible and oxidable forms whereas Zn was both in exchangeable and reducible forms. In other studies, [16] showed that Zn and Cu were mainly associated to carbonate and organic matter Open Journal of Soil Science fractions, in particular for the samples collected in calcareous environments (e.g. Django Reinhardt infiltration basin, Chassieu, East of Lyon). These approaches did not investigate the links between metal trace solubility and the specific dissolution of mineral or organic phases without any simultaneous monitoring of major elements mobility, mineral dissolution and trace element release, rendering impossible the identification of the mechanisms responsible for trace element release [17] [18] . Moreover, these results were produced with sediments sampled at a single time and often at a single location with the aim to conclude for the whole infiltration systems. However, the dependency of results on space and time may be questioned when asserting general chemical properties of these urban sediments are targeted.
The dissolution reactions that are responsible for the alteration of mineral phases and subsequent release of trace metals are mainly controlled by pH. Acidity potential is one of the key factors for the dissolution of calcareous minerals and organic phases and thus for the release of major and trace elements [19] [20] . Similarly, alkalinity may alter organic matter and thus favour the release of associated major or trace metals. Acid Neutralization Capacity & Base Neutralization Capacity ANC-BNC titrations are a promising tool for the quantification of phase alteration and subsequent pollutants release triggered by a source of protons (acidic condition) or a source of alkalinity (basic condition). ANC-BNC titrations have already been used for the quantification of pollutant release as a function of pH for several solid materials like wastes or construction materials [21] [22] [23] [24] . However, applications to urban sediments remain scarce; despite the potential utility of such a tool for the management of urban sediments.
This study focuses on the characterization of solid phase alteration and associated major and trace element release for stormwater sediment accumulated at the surface of an infiltration basin (experimental pilot) monitored within the framework of the French survey on urban sediments [13] . For this purpose, we carried out ANC-BNC titrations with the following objectives: i) address the question of space and time stability of phase alteration and trace element release, in relation to the functioning of the infiltration basin and its evolution with time, ii) link the release of trace element with majors and phase alteration to pinpoint the bearing phases. More precisely, ANC-BNC titration measurements were carried out on samples collected in Django Reinhardt infiltration basin at several locations in summer 2013 and spring 2015. The locations were chosen to sample the sediment at several distances from the stormwater entry, and therefore different hydraulic conditions. The analysis of all these results will allow the comparison of the quality and robustness of two different sampling procedures: sampling one location once versus sampling several locations at several times.
Materials and Methods

Site Sampling
The samples were collected in the Django Reinhardt infiltration basin which is Open Journal of Soil Science years of operation [8] . Since then, a layer of several cms of suspended matter had settled at the surface [3] , despite the upstream settling basin, and vegetation has grown [27] . Both basins were instrumented as part of sites monitored by the 
ANC-BNC Measurement and Related Analyses
ANC-BNC titration characterizes the physicochemical stability and buffering capacity to acid-base aggression [22] . It was performed according to EN 14429: To characterize pH buffering capacity, pH was plotted against the amount of acid or base introduced (eq_H + ). Note that Eq_H + corresponds to the quantity of protons H + for ANC and the quantity of OH − multiplied by −1 for BNC. Conductivity and redox potential were plotted against pH. Major and trace element release was characterized by plotting concentrations against pH instead of Eq_H + , as suggested by [20] .
Results
Geochemical Characteristics of the Sediment
The three samples collected in 2013 have similar element contents (Table 1) . Open Journal of Soil Science
Element contents are quite typical of alumino-silicates with high contents of Si, Al and also Fe. The high content of calcium is consistent with the high calcite contents (Table 2 ) and probably results from the geological backgrounds [30] .
The significant amounts of phosphorus and sulfur (Table 1 ) may result from biological and geochemical processes, with a potential anthropic or even natural origin. Regarding trace elements, the high contents of Zn and Cu point at the contribution of anthropic activity and traffic [13] .
The different samples of sediment exhibit also similar pattern regarding DRX measures. The mineral phases identified in the sediment layer are sorted as follow, by decreasing order: quartz, calcite, illite, albite, hornblende, chamosite, orthoclase, labradorite, pyrite, and rutile (Table 1 ). This mineral composition is consistent with the element contents. Optical and Scanning Electron Microscopic observations were performed to describe mineral and trace elementbearing phases. SEM analyses pointed at the occurrence of pyrite minerals with sizes in the order of dozens of micrometres ( Figure 2 ). This mineral is part of the key factors for understanding buffer capacity, major and trace element release [17] , and thus must be considered for ANC-BNC experiments.
Our findings are consistent with previous studies from French Observatory Table 1 . Major and trace element contents in the sediment collected in 2013. 
Spatial Variability for Chemical Parameters and Major Release
pH buffering capacity, conductivity (in log scale) and redox potential variations with pH are illustrated in Figure 3 for the three samples collected in 2013. The variation of these parameters with pH exhibits similar trends for the three samples. The buffer capacities at pH 6 are of the same order for all these samples (Figure 3, pH) . The buffering impact is stronger for zones 1 and 3 than zone 2.
Indeed, for zones 1 and 3, the pH drop is more regular. For all samples, the conductivity is very high for extreme pH values. The conductivity reaches its minimum value around pH = 7, i.e. for the case of no addition of acid or base Trends are very similar between 2013 and 2015 with in all cases, a bell-shaped curve for aluminum (Al), iron (Fe), copper (Cu) and zinc (Zn), (ii) a more stable solubility for phosphorus (P), sulfur (S), silicon (Si) and organic carbon, and (iii) the particular S-shaped curve for calcium (Ca). However, the release in the basic range was slightly higher in 2015, excepted calcium with the similar release over the whole range of pH. These data demonstrate that the date of sampling does not significantly affect the major and trace element release.
Temporal Variability for Chemical Parameters and Major Release
Maximum Release of Major and Trace Elements under Extreme Conditions
In addition to the previous data, the elementary release was computed in percentage for three specific cases: contact with pure water, extreme acidic and basic conditions (Table 3) . Overall, for all elements except sulfur and silicon, the most important release is effective under acidic conditions (e.g. calcium with more than 43% released). Solubility is very low for neutral pH after addition of only pure water (less than 1% solubilized for most elements), whereas basic conditions also favor element solubilization, but to a lesser extent in comparison to extreme acidic conditions.
Under neutral pH conditions (contact with pure water), the calcium is the most mobile element (0.14%), while aluminum and iron are the less mobile (0.0005%). Under these pH conditions, trace elements (copper and zinc) are rather insoluble. However, under extremely acidic conditions, calcium and trace elements are proportionally the most mobile: with a release > 30% of the total content. Aluminum, iron, and phosphorus are leached in smaller proportions (6%, 9% and 13%). Sulfur and silicon have the lowest mobility (0.5%). Finally, in basic extreme conditions, elements are moderately mobile (less than 1%), excepted phosphorus (3%) and copper (5%) attesting their amphoteric behavior. 
Discussion
Spatial Homogeneity of Major and Trace Element Solubilization
The when acid is added ( Figure 5 ). This fact may result from its particular composition with higher amounts of hornblende and labradorite ( Table 2 ). The higher solubility in terms of calcium and the stronger decrease observed between pH = 6 and pH = 2 ( Figure 3 ) may result from a higher calcite content ( Table 2 ).
Temporal Variability on Leaching Elements
The temporal stability is underlined by the similarity of the experimental results between the sediment sampled in 2015 and those sampled in 2013 ( Figure 4 and 
Correlations between Major and Trace Element Leaching and Organic Matter
The study of the concomitant release of elements gives further insight on the potential phases constituting the studied solid samples. Figure 7 presents the linear regressions between trace elements, majors and organic matter concentrations obtained for all the samples. For some major elements, there are combinations but without any clear linearity: Cu = f(Zn, Ca, and P), Zn = f(Al, Ca and Si), Al = f(Ca and P), Ca = f(Fe, P and Si) and P = f(Si).
We also note a simple linear relation between sulfur and organic carbon con- 
Trace Element Leaching: Cu and Zn
Overall, trace elements are of interest due to their potential toxicity as well as their permanence in the environment. In this study, the concentrations Cu and Zn exceeded the probable effect concentrations related to eco-toxicological effects (PEC; Zn = 459 ppm, Cu = 149 ppm) [32] . Copper and zinc are not very mobile in the pH range of "natural" water (0.02% and 0.004% respectively). However, they are more soluble in extreme pH (38.12% and 30.74% respectively in acidic area).
As regards to the leaching of copper in the studied sediments, Table 4 emphasizes a copper mobility associated linearly with aluminum, iron, and silicon. Thus, copper is mainly released by the dissolution of aluminosilicate (chamosite). There is also a double linear association between copper and sulfur, on the one hand, and organic carbon, on the other hand. This result highlights the strong interactions that are widely described between copper and OM in soils and sediments [13] . Different sequential extraction studies have demonstrated the presence of copper mainly in the following compartments: residual fraction > bound to Fe-Mn oxides > bound to organic matter > bound to carbonates [14] [33] [34] [35] . In those studies, there are few amounts of leached copper. These results are consistent with our results and show that copper is associated with very stable mineral phases as well as organic matter.
Zinc exhibits double linear associations with sulfur, phosphorus and organic carbon (revealing links with organic matter). There is also a simple linear combination with iron. The literature shows that zinc is predominately bound to the following compartments: residual fraction > Fe-Mn oxides > carbonates > organic material > cationic exchange sites [36] . These results are also consistent with the correlations identified by the ANC-BNC titration and highlight the links between zinc and iron oxides and organic matter. The difference in mobility of Zn and Cu under basic conditions can be directly related to the combination of a fraction of copper with humic acid or phases that are soluble in acid conditions in opposite to fulvic acids.
Conclusions
This study highlights the value of the information obtained with the Acid Neutralization Capacity-Basic Neutralization Capacity titration on geochemical Open Journal of Soil Science properties of urban sediments. Indeed, this study shows that similar results were obtained for different ANC-BNC tests performed on various sediment samples collected at different periods and different places of the same infiltration basin. These results suggest that the sampling of sediments at one single place and date is enough to get a proper insight on major and trace metal release. Obviously, this study shows the uniformity of the geochemical properties of the sediment despite varying operation conditions of infiltration basins. Besides, the particles produced are very stable and specific of urban signature. Such pattern facilitates the generalization of measured properties of ANC-BNC tests. Such result is of importance regarding the management of these sediments in infiltration basins or after dredging. This result highlights the importance of controlling sources of urban particles constituting the deposited sediments.
As the properties of urban sediments appear very stable, it is possible and appropriate to develop geochemical models in association with ANC-BNC titrations. This would provide a model of sediment leaching properties and allow the calculation of solubility and speciation of elements in various geochemical situations. Overall, modeling can be developed and used to provide useful information for environmental assessments of various scenarios in the framework of ur-Open Journal of Soil Science ban sediments management and in stormwater infiltration management, which is the topic of ongoing research.
